The CDC estimates that by 2015, half of all persons living with HIV/AIDS in the USA will be over the age of 50. Despite increasing HIV seroprevalence rates in older adults, most research examining adherence to antiretroviral therapy (ART) has focused on young HIV-infected persons and, in general, has been atheoretical in nature. This study examined two ART adherence conceptual frameworks to determine whether these models generalize to HIV-seropositive older adults. Two hundred and forty-four HIV-positive adults 50-plus years of age were recruited through AIDS service organizations in Ohio and New York. Participants completed a neuropsychological battery and an audio computer-assisted self-interview. FIML SEM analyses revealed that neuropsychological functioning was not associated with adherence. Fit indices supported a stress and coping model, with negative affect mediating the effects of social support and maladaptive coping on ART adherence. Results were consistent with stress and coping models and suggest that interventions intending to increase adherence to ART in HIV-infected older adults may be more effective if they address negative affect and enhance adaptive coping and social support.
Consistent adherence to antiretroviral therapy (ART) is the cornerstone of effective HIV treatment. When used correctly, antiretroviral (ARV) medications decrease viral load and improve immune system functioning (Bangsberg et al., 2000; Paterson et al., 2000) . However, the potential for viral mutations and the chronic nature of HIV infection necessitates near perfect adherence (]95%) over sustained periods (Conway, 2007; Hogg et al., 2002) . Unfortunately, 25Á46% of HIV-positive persons on ART are nonadherent (B95% adherence; Gwadz et al., 1999; Paterson et al. 2000) . Adherence B95% permits HIV to resume rapid replication producing drugresistant strains that worsen patient health and complicate treatment (Bangsberg et al., 2000; Bartlett, 2002) .
ARVs have reduced HIV/AIDS-related morbidity and mortality and have increased survival, contributing to a changing demography of the US HIV/AIDS epidemic (Centers for Disease Control and Prevention [CDC], 2007; Goodkin et al., 2001; Porter et al., 2003) . While adults 50' years old represented 12% of the cumulative number of AIDS cases through 2005, this group represented 19% of estimated AIDS cases in 2005 alone (CDC) and is projected to comprise 50% of all HIV-seropositive persons in the US by 2015.
Despite the changing demography, little research has examined adherence to ART in HIV-infected older adults. Of the relevant studies, many report high rates of adherence (Barclay et al., 2007; Goodkin et al., 2001; Hinkin et al., 2002; . Hinkin et al. (2004) reported a mean adherence rate of 87% in persons 50' years of age and noted that older persons were more likely to adhere than persons B50 years. However, others have reported lower rates of adherence in older adults (Catz, Heckman, Kochman, & DiMarco, 2001) , underscoring the need to better understand and develop effective interventions for this group.
The influence of neuropsychological functioning (NPF) on ART adherence has received considerable attention (Albert et al., 1999; Chesney, Morin, & Sherr, 2000; Hinkin et al., 2002 Hinkin et al., , 2004 . Recently, Barclay et al. (2007) found that adherence in older adults (mean age056.3 years, SD 04.8) was predicted solely by NPF; no psychosocial or demographic factors predicted adherence in their sample. Other researchers assert that NPF be considered when investigating ART adherence (Rausch & Stover, 2001; Reger, Welsh, Razani, Martin, & Boone, 2002) .
With some notable exceptions (Gonzalez et al., 2004; Simoni, Frick, & Huang, 2006a; Weaver et al., 2005) , contemporary research on ART adherence has been atheoretical in nature, characterizing relationships among adherence and demographic, psychosocial, and health variables. Among the theory-driven and empirically validated models, Barclay et al. (2007) examined ART adherence within the context of the Health Beliefs Model (HBM) and found that the HBM had some utility in explaining adherence in younger persons but not in older adults. In their theory-driven research, Gonzalez et al. highlighted the roles of depression and positive states of mind as mediators of the association between social support and adherence. Weaver et al. examined a stress and coping model of adherence and emphasized the importance of social support, negative affect, and avoidant coping. Simoni et al. reported that negative affect and spirituality mediated social support's impact on self-efficacy which, in turn, influenced adherence. While these theory-driven studies converge on the importance of constructs such as social support, negative affect, and coping in modeling adherence, it is unclear if these models (evaluated using samples comprised largely of younger HIV-positive persons) generalize to HIV-infected older adults.
This study examined contemporary theoretical frameworks of ART adherence suggested by prior research (Gonzalez et al., 2004; Simoni et al., 2006a; Weaver et al., 2005) to determine if these models are applicable to HIV-infected older adults. Moreover, this research investigated NPF and adherence; namely, whether the inclusion of neuropsychological variables improves predictive validity. We compared two models of adherence, shown in Figure 1 : the maladaptive coping mediational model (adapted from Weaver et al.) , and the mood mediational model (based on Simoni et al. and Weaver et al.) .
Method
Data were collected as part of a randomized clinical trial (RCT) of a coping improvement intervention for HIV-positive older adults. Recruitment procedures and eligibility criteria are described in Lovejoy et al. (2008) .
Participants
Of 349 eligible participants, 310 completed a preintervention assessment. The present study focused on modeling ART adherence; data from participants not taking ARVs (n 066) were excluded, yielding a sample of 244. Demographic data are presented in Table 1 .
Procedure
Participants completed an assessment battery via audio computer-assisted self-interview (ACASI) and received a $30 incentive. Use of ACASI increases privacy, improves understanding of questions, and encourages honesty when answering sensitive items (Schroder, Carey, & Vanable, 2003) .
Measures
Structural equation modeling (SEM) was used to examine the relationships between seven latent constructs, each comprised of indicator variables from the measures below. Each coefficient alpha reported is based on data from the present study.
Antiretroviral (ARV) adherence
Adherence was assessed via items adapted from the ACTG adherence questionnaire . Participants were asked: (a) ''Using a scale of 0 to 100, where 0 is 'not at all' and 100 is 'all the time,' over the past week, how much of the time have you taken all of your HIV/AIDS medicines?'' (All HIV Meds); and (b) ''Using a scale of 0 to 100, where 0 is 'not at all' and 100 is 'all the time,' over the past week, how much of the time have you followed the specific instructions from your doctor or pharmacist for taking your HIV/AIDS medicines?'' (Instructions).
Viral load
Participants were asked, ''What was the result of your most recent viral load? If it was undetectable, please answer with zero.'' (Viral Load).
Social support
Social support was assessed using the Functional Assessment of Chronic Illness Therapy (FACIT; Webster, Odom, Peterman, Lent, & Cella, 1999) and the Provision of Social Relations Scale (PSR; Turner, Frankel, & Levin, 1983) . Participants reported perceived social support via the eight-item Social Well-Being (SWB) subscale of the FACIT (a 0 0.88). The PSR includes two subscales: support from Friends (a 00.88, nine items) and Family (a00.84, six items).
Maladaptive coping
Coping strategies used by respondents to resolve HIV-related stressors were examined via the Ways of Coping Questionnaire (WOC; Folkman & Lazarus, 1988) , the Coping With Illness scale (CWI; Murphy, Rotheram-Borus, & Marelich, 2003) , and items created for the RCT (available from N.B.H.). Participants rated how often they engaged in each coping behavior. Guided by prior research examining coping strategies in HIV-positive individuals Tarakeshwar, Hansen, Kochman, & Sikkema, 2005; Tate, van den Berg, Hansen, Kochman, & Sikkema, 2006) , 20 items were selected that were theoretically related to maladaptive coping strategies, including seven used to form an escapeavoidance (Escape) indicator (a 00.75); four to form an avoidant (Avoid) indicator (a 00.56); and nine to form a self-destructive (Destruct) indicator (a 00.68).
Affect
Measures of depressive symptomatology, anxiety, and general psychological well-being assessed affect.
Cognitive and affective symptoms of depression were measured using the 30-item (a 00.78) Geriatric Depression Scale (GDS; Yesavage et al., 1983) . Severity of anxiety symptomatology was assessed with the 21-item (a 00.92) Beck Anxiety Inventory (BAI; Beck, Epstein, Brown, & Steer, 1988 (Jo¨reskog, & So¨rbom, 2006) . A model was judged to be supported by the data when the absolute fit index root mean square error of approximation (RMSEA) was less than 0.06 (Hu & Bentler, 1999; Marsh, Hau, & Wen, 2004) and the 90% confidence interval included 0.05 (Bollen & Long, 1993; Browne & Cudeck, 1993) . Anderson and Gerbing's (1988) two-step approach was used to examine factor loadings of the measurement models (MMT) and investigate relations among structural components. Modification indices (MIs) were inspected to isolate sources of ill fit. Model parameters under alternative specifications were examined to identify whether they changed substantially as various models were tested. 
Results
Prior to analysis, distributions of variables were examined. To adjust for skewness, an arcsine transformation for proportions (i.e. variables bounded by zero and unity; Cohen, Cohen, West, & Aiken, 2003, pp. 240Á241 ) was applied to the adherence and NPF variables; viral load was natural log transformed. Variances, covariances, means, and standard deviations are shown in Table 2 . Means shown in Table 2 represent the average response across scale items, with the exception of NPF, adherence, and viral load which were transformed. With respect to ART adherence, 80% of participants reported being adherent ]95% (All HIV Meds) and 83% indicated following specific instructions ]95% (Instructions 
Measurement models (MMTs)
Modeling began by testing a MMT with seven latent variables formed using the indicators described above. We included a ''dummy'' latent variable with a single Viral Load indicator. In the instance of a single indicator, using prior research to inform model specification and improve parameter estimation is recommended (Kline, 2005, pp. 229Á231) . Thus, we fixed the error variance of the viral load indicator to 27%, a value derived from the average of the standardized error variance terms reported by Weaver et al. (2005) . An initial test of the MMT suggested satisfactory data-model fit, FIML x 2 (85, N 0244) 0160.67, p B 0.001, RMSEA 00.06 (CI 90% 00.05, 0.07). Indicators loaded significantly on their respective factors, parameter estimates were reasonable, and factors were measured adequately. Intercorrelations among the constructs are shown in Table 3 . The correlation between the adherence and NPF latent constructs was nonsignificant. NPF was excluded from the model and data-model fit reexamined. Fit indices for the second MMT suggested a marginal fit, FIML x 2 (52, N 0 244) 0112.81, p B0.001, RMSEA 00.06 (CI 90% 0 0.05, 0.08). MIs were inspected to isolate sources of ill fit. The highest MI represented an error covariance between the Friends and Family subscales of the PSR, which when allowed to correlate resulted in a statistically significant improvement (FIML x 2 (51, N 0244) 089.39, p B0.001, RMSEA 00.05; CI 90% 0 0.03, 0.07) and was considered a reasonable modification as this likely represented non-random error (i.e. subscales of the same instrument; Gerbing & Anderson, 1984) . All latent constructs were significantly correlated with adherence in the final MMT.
Psychosocial models
Based on previous research (Gonzalez, et al., 2004; Simoni et al., 2006a; Weaver et al., 2005) and guided by Lazarus and Folkman's (1984) Transactional Model of Stress and Coping, two competing models examining stress and coping constructs as determinants of adherence and viral load were considered (Figure 1 ). We examined fit indices for the non-nested models independently and applied the criteria described above when judging data-model adequacy.
Maladaptive coping mediational model
To determine whether maladaptive coping mediated the relationships between social support, affect, and adherence, data were fit to the hypothesized maladaptive coping mediational model. The path from social support to maladaptive coping was nonsignificant (standardized coefficient 0(0.09, p 0.05) and fit indices suggested that data-model fit was inadequate (FIML x 2 (56, N 0244) 0103.25, p B 0.001, RMSEA 00.06 (CI 90% 00.04, 0.08). The contention that maladaptive coping mediates the associations between negative affect, social support, and adherence was not supported.
Negative affect mediational model
Data were fit to the second hypothesized structural model. Results supported the notion that affect mediates the relationships among social support, maladaptive coping, and adherence (FIML x 2 (56, N 0244) 094.81, p B0.001, RMSEA 00.05 (CI 90% 0 0.03, 0.07). All structural paths were statistically significant (p's B0.001). The model accounted for 70% of the variance in negative affect, 16% in adherence, and 21% in viral load. The final negative affect mediational model is shown in Figure 2 .
Direct effects
Direct effects of predictor variables on adherence are shown in Figure 2 ; non-significant effects have been omitted for simplicity. The model indicated that social support (g 0(0.47, p B0.001) and maladaptive coping (g 00.46, p B0.001) predict negative affect which, in turn, predicts adherence (b 0 (0.34, pB0.001). Time since Dx was significantly associated with adherence (g 00.21, pB0.01). The AIDS Care 545 direct effect of adherence on viral load (b 0(0.46, pB0.001) evidenced that participants who were more adherent were significantly more likely to have a reduced viral load. Table 4 shows the standardized total and indirect effects (indirect effects include the respective overall indirect paths). Time since Dx had an indirect effect on viral load (standardized coefficient 0(0.10, pB0.01). The results indicated that 100% of the total effect of both social support (standardized coefficient00.16, pB0.01) and maladaptive coping (standardized coefficient0(0.15, p B0.01) on adherence was delivered indirectly through negative affect. Negative affect fully mediates these relationships as: (a) bivariate relationships between adherence and social support and coping are significant; (b) there is an independent relationship between negative AIDS Care 547 affect and adherence; (c) there are significant indirect paths between adherence and social support (Sobel statistic z 02.81, pB0.01) and coping (Sobel statistic z0(2.91, p B0.01); and (d) significant direct relationships between exogenous constructs and adherence were absent (Preacher & Hayes, 2004) . Additionally, 100% of the total effects of the psychosocial constructs on viral load was delivered indirectly through adherence (standardized coefficient0(0.07, p B0.01 social support; standardized coefficient00.07, pB0.01 maladaptive coping; standardized coefficient 00.15, p B0.01 negative affect).
Total and indirect effects
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Discussion
Although previous studies have investigated correlates of ART adherence, HIV/AIDS researchers, healthcare providers, and HIV-seropositive individuals would benefit from empirically validated models that refine current theory and inform adherence interventions (Simoni et al., 2006a) . The present study used SEM to evaluate psychosocial models of ART adherence in 244 HIV-positive older adults, a group that is growing rapidly in size and for whom little is known about ART adherence. SEM analyses examined social support, maladaptive coping, negative affect and NPF as potential determinants of adherence and viral load. Results supported a stress and coping model concinnous with an accepted and widely used framework (i.e. Lazarus & Folkman's Transactional Model of Stress and Coping); negative affect fully mediated the associations of social support and maladaptive coping with adherence. The present results are in accord with studies (e.g. Gonzalez et al., 2004; Paterson et al., 2000) that have emphasized relationships among social support, coping, affect, and adherence.
The current study added to contemporary models of adherence by including NPF, testing alternative models and, in part, replicating prior research using different indicators of each latent construct. Contrary to Barclay et al. (2007) , this study did not find an association between NPF and adherence in HIVinfected older adults. The relatively high level of NPF observed in the present sample may account for the unsuccessful replication of Barclay et al.'s results.
Self-reported adherence levels in the present study (80% All HIV Meds, 83% Instructions) were similar to Barclay et al.'s (2007) and Hinkin et al.'s (2004) observations obtained using MEMS (85% and 87% adherence, respectively). This finding appears to support the criterion-related validity of the present study and is consistent with literature supporting the validity of self-reported adherence data (Nieuwkerk & Oort, 2005; Simoni et al., 2006b) .
Study results have implications for experimental research and clinical practice. Specifically, interventions aimed at improving adherence in HIV-infected older adults are more likely to be successful if social support, adaptive coping strategies, and affect are enhanced. This study underscores the importance of social support in influencing health behaviors and health outcomes, and supports the use of group interventions focused on coping enhancement and alleviating psychological distress (e.g. Sikkema et al., 2006; Sikkema et al., 2007) . It is likely that enhancing coping, social support, and affect will positively impact adherence in older adults. Additionally, study results suggest that healthcare providers should regularly assess affect and encourage patients to seek social support. For example, online or telephonebased support groups may provide isolated or stigmatized older adults with opportunities to interact with HIV-seropositive peers who face the unique challenges of aging with HIV (Heckman et al., 2006) . The present study had several advantages and limitations. Data were collected via ACASI interviews to maximize integrity and confidentiality. While some research suggests that HIV-infected persons may overestimate ART adherence (Garber, Nau, Erickson, Aikens, & Lawrence, 2004) , recent reviews indicate that self-report methods are viable assessment strategies (Nieuwkerk and Oort, 2005) . Simoni et al.'s (2006b) review maintains that, '' . . . even brief self-report measures of ARV adherence can be robust . . .' ' (p. 227) . Nevertheless, the present study cannot rule out possible reporting bias. Some indicators of maladaptive coping included unpublished items. The viral load variable was self-reported. To address limitations of the single viral load indicator, we fixed the error variance of the viral load indicator based on prior research that included objective measures (assays of venous blood samples; Weaver et al., 2005) . Participants were from large urban cities in the USA; findings may not generalize to other geographic regions or non-metropolitan areas. The sample included participants who reported at least some depressive symptoms, had generally high NPF, and were affiliated with an AIDS service organization (ASO) or other community-based organization. Future studies could address these limitations by sampling a more expansive spectrum with regard to affect, neurocognitive variables, geography, and formal support networks.
Future research should continue to refine models of ART adherence in HIV-positive older adults and include additional theoretically grounded constructs such as self-efficacy, locus of control, motivation to adhere, and patientÁprovider relationships. We emphasize that additional research is needed to clarify the role of NPF in HIV-infected older adults with respect to ART adherence. Taken as a whole, the current study suggests that interventions that increase social support and reduce maladaptive coping may be effective at improving ART adherence in the growing population of HIV-seropositive older adults.
